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© High capacity cathodes for secondary cells. 

© The present invention relates to an electric 
current producing cell which contains an 
anode, a polymer electrolyte which is chemi- 
cally inert with respect to the anode and the 
cathode, and a composite cathode having an 
organo-sulfur compound as a cathode active 
material, a conjugated polymer for the transport 
of electrons and a polymer electrolyte for the 
transport of ions. 
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This invention relates to thin film solid state elec- 
trochemical cells. More particularly, this invention re- 
lates to novel positive electrodes consisting of com- 
posites of an organo-sulfur compound, a p-doped 
conjugated polymer and a polymer electrolyte. 

Considerable interest has been shown over the 
last few years in thin film secondary lithium batteries 
based on polymer electrolytes and insertion material 
cathodes. The intense research effort is driven by 
new requirements for high performance batteries in 
portable communication equipment, consumer elec- 
tronics, portable computers and electric vehicles. 
Thin film solid state cells using cathodes based on or- 
gano-sulfur compounds are particularly well suited 
because of their high energy to weight ratio. 

Two main types of cathode materials used in the 
manufacture of thin film lithium and sodium batteries 
are known in the art. The first material includes tran- 
sition metal chalcogenides, such as titanium disulfide 
with alkali metals as the anode. For example, among 
the cathode active chalcogenides, U.S. Patent No. 
4,049,879 lists transition metal phosphorous chalco- 
genides. Other U.S. Patents, such as 4,143,214, 
4,152,491 and 4,664,991 describe cells wherein the 
cathode is a carbon/sulfur based material, generally 
of the C X S formula where x is typically 1 0 or larger. 

U.S. Patent No. 4,142,294 to Chang, et al. de- 
scribes cells having cathodes containing C X S, where- 
in x is a numerical value from about 4 to about 50. U.S. 
Patent No. 4,152,491 to Chang, et al. relates to elec- 
tric current producing cells where the cathode-active 
materials include one or more polymer compounds 
having a plurality of carbon monosulfide units. The 
carbon monosulfide unit is generally described as 
(CS) X wherein x is an integer of at least 5, and may be 
at least 50, and is preferably at least 100. In both cells 
developed by Chang et al., the energy storage capaci- 
ty is limited because there is a low density of sulfur- 
sulfur bonds. 

U.S. Patent No. 4,664,991 to Perichaud, et al. de- 
scribes a substance containing a one-dimensional 
electric conducting polymer and at least one polysul- 
f urated chain forming a complex with the polymer. 
Perichaud, et al. use a material which has two com- 
ponents. One is the conducting polymer, which is se- 
lected from a group consisting of polyacetylenes, 
polyparaphenylenes, polythiophenes, polypyrroles, 
polyani lines and their substituted derivatives. The 
other is a polysulf urated chain which is in a charge 
transfer relation to the conducting polymer. The poly- 
sulf urated chain is formed by high temperature heat- 
ing of sulfur to produce a chain of the composi- 
tion ...S-S-S-S... of indeterminate length. As a result 
of using this material, the cell of Perichaud, et al. ex- 
hibits a fairly low voltage of only 2.0 volts against li- 
thium. 

In a related approach, U.S. patent No. 4,833,048 
to DeJonghe, et al. describes a cathode made of or- 



gano-sulfur compounds of the formula (R(S) y ) n where 
y = 1 to 6; n = 2 to 20, and R is one or more different 
aliphatic or aromatic organic moieties having one to 
twenty carbon atoms. One or more oxygen, sulfur, ni- 
5 trogen or fluorine atoms associated with the chain 
when R is an aliphatic chain can also be included. The 
aliphatic chain may be linear or branched, saturated 
or unsaturated. The aliphatic chain or the aromatic 
rings may have substituted groups. The preferred 
10 form of the cathode material is a simple dimer or 
(RS) 2 . When the organic moiety R is a straight or 
branched aliphatic chain, such moieties as alkyi, al- 
kenyl, alkynyl, alkoxyalkyl, alkythioalkyl or aminoalkyl 
group and their fluorine derivatives may be included. 
15 When the organic moiety comprises an aromatic 
group, the group may comprise an aryl, aralkyi or al- 
kylaryl, including fluorine substituted derivatives, and 
the ring may contain one or more nitrogen, sulfur or 
oxygen heteroatoms in the ring as well. 
20 In the cell developed by DeJonghe, et al., the 

main cathode reaction during discharge and recharge 
of the cell, is the breaking and reforming of sulfur-sul- 
fur bonds. The breaking of sulfur-sulfur bonds is as- 
sociated with the formation of sulfur metal ionic com- 
25 plexes. The organo-sulfur materials investigated by 
DeJonghe, et al. undergo polymerization and depoly- 
merization upon the formation and breaking of the 
sulfur-sulfur bonds. The depolymerization which oc- 
curs during the discharging of the cell results in lower 
30 weight monomeric species which can dissolve into 
the electrolyte. The result is an unsatisfactory cycle 
life having a maximum of about 200 discharge-charge 
cycles. 

Sotomura et al. [Eiectrochimica Acta, Vol. 37, 
35 pp.1851-1854, (1992)], discusses the formation of 
composite cathode materials for lithium cells based 
on conducting polyaniline, a gel polymer electrolyte 
and a 2,5-dimercapto-1, 3,4-th iadiazole compound 
which can undergo polymerization-depolymerization 
40 reactions as described by DeJonghe et al. The com- 
posite with polyaniline provides a higher voltage vs. 
lithium anodes than can be provided by the organo- 
sulfur compound alone. The key problem, as revealed 
by the compounds described by DeJonghe et al., re- 
45 mains, however, as the organo-sulfur compound de- 
polymerizes upon discharge of the cell to form mono- 
meric species which diffuses into the bulk of the elec- 
trolyte and severely limits the cycle life of the ceil. 
Despite the various approaches proposed for or- 
50 gano-sulf ur cathode materials, there remains a need 
for an inexpensive cathode material having a high 
storage capacity, high discharge rate and along cycle 
life at ambient temperatures. 

Whereas the organo-sulfur materials described 
55 by DeJonghe et al. and by Sotomura et al. lead to the 
formation of monomeric species upon discharge of 
the cell, and consequently, a severely limited cycle 
life due to diffusion of the monomeric cathode mate- 
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rials into the bulk electrolyte, it is a primary objective 
of this invention to provide new composite cathode 
materials which avoid the limitations existing in the 
prior art, while offering performance characteristics 
much higher than those of known materials, and hav- 
" ing an actual specific energy in excess of 1,000 
Wh/kg. 

It is another object of this invention to provide a 
" new composite cathode having as the active material 
an organo-sulfur compound and a p-doped conjugat- 
ed polymer as the electronically conducting compo- 
nent, wherein the organo-sulfur compound is a high 
molecular weight compound which does not undergo 
de-polymerization to form soluble molecular species 
upon reduction. 

It is another object of this invention to provide a 
new composite cathode having as the active cathode 
material poly(carbon disulfide) having the formula 
(CS x ) n where x is from about 1 .7 to about 2,3, and 
where n is greater than 2, and preferably greater than 
20, and most preferably greater than 50; and p-doped 
polyaniline (polyaniline) as the electronically con- 
ducting component. 

It is yet another object of this invention to provide 
a method of making a solid state rechargeable cell in- 
cluding t he novel composite c atho de of t he inv ention . 

Co-pending U.S. Patent Application number 
07/991948, filed on 12/17/92, describes the use of 
poly(carbon disulfide) as cathode active material, 
Reference is made thereto, and is incorporated here- 
in. 

SUMMARY OF THE PRESENT INVENTION 

The present invention provides a rechargeable, 
solid state electric current producing cell which con- 
tains: 

(a) an anode which is one or more alkali or alka- 
line earth metals and mixtures thereof, compo- 
sites of alkali metals and a conjugated polymer, or 
intercalated carbon, 

(b) a novel composite cathode having as the cath- 
ode active material one or more carbon-sulfur 
compounds, one or more conjugated polymers, 
suitably p-doped, and a polymer electrolyte, 
wherein said p-doped conjugated polymer en- 
hances the cell voltage; and 

(c) an electrolyte which is chemically inert with re- 
spect to the anode and the cathode and which 
permits the transportation of ions between the 
anode and the cathode. 

The anode material may be an elemental metal or 
an alloy including the mixtures of an elemental metal 
and one or more alloys made form an element select- 
ed from the Periodic Table Group IA and IIA metals. 
Lithium and sodium are useful materials for the anode 
of the cell of the invention. The anode may also be in- 
tercalated carbon such as LiC x where x is equal to 6 



or greater. The anode may also be a composite made 
from an alkali metal such as lithium or sodium and an 
n-doped conjugated polymer such as poly(p- 
phenylene), poly(p-phenylene vinylene) or polyacety- 

5 lene. The anode may also consist of two or more lay- 
ers with an n-doped conjugated polymer, such as 
poly(p-phenylene), poly(p-phenylene vinylene) or 
poiyacetylene, interposed between the electrolyte 
and an alkali metal or an alkali metal composite. 

10 The cathode employed in the cell of the invention 

is a composite material consisting of an organo-sulfur 
compound, such as poly(carbon disulfide), as the 
cathode active material, a polymer electrolyte for the 
transport of ions, and a p-doped conjugated polymer, 

15 such as polyaniline, poly(p-phenylene) or poly(p- 
phenylene vinylene), for the transport of electrons. 
The conjugated polymer is chosen to have a higher 
voltage versus the anode than the organo-sulfur com- 
pound, thereby increasing the voltage of the cell. 

20 Composite cathodes made from poly(carbon disul- 
fide) and polyaniline have been used directly as the 
cathode material for the cell of the invention. 

Two polymer electrolytes have been successfully 
used in the fabrication of the cell of the invention. One 

25 system is based on a branched polysiloxane with 
ethylene oxide side chains and methacrylate moiet- 
ies for crossl inking witrT ultraviolet radiation in the 
presence of a dissolved lithium salt, such as 
LiS0 2 CF 3 . The other system is a polyet her chemically 

30 modified to maintain an amorphous state at ambient 
temperatures. 

A method of making the solid state cell of the in- 
vention as a multilayer thin film laminate is also pro- 
vided The method of making the cells of the present 

35 invention is particularly preferred for use in applica- 
tions requiring long term energy storage and as back- 
up power sources. 

As a result of the present invention, solid state re- 
chargeable battery cells are provided having a higher 

40 voltage and higher energy density than has previous- 
ly been achieved with organo-sulfur cathode materi- 
als. In addition, these cells also have long shelf life, 
a low rate of self discharge and a long cycle life. 
For a better understanding of the present inven- 

45 tion, reference is made the following description and 
the accompanying drawings. The scope of this inven- 
tion will be pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

Figure 1 shows schematically possible struc- 
tures of poly(carbon disulfide). 

Figure 2 shows schematically the structure of the 
common forms of polyaniline. 
55 Figure 3 shows schematically the structure of the 

conjugated polymers poiyacetylene, poly(p- 
phenylene), poly(p-phenylene vinylene) and poly(2,5- 
thienylene vinylene). 

3 
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Figure 4 shows schematically the thin film lamin- 
ate structure of a cell with a single layer as anode. 

Figure 5 shows schematically the thin film lamin- 
ate structure of a eel! with a thin film of a conjugated 
polymer interposed between the electrolyte and an al- 
kali metal anode. 

DETAILED DESCRIPTION OF THE INVENTION 

The novel cell of the invention contains a specific 
anode, an electrolyte, and a cathode which is a com- 
posite of a polymer electrolyte, an organo-sulfur com- 
pound, a conjugated polymer or an inorganic oxide, 
and an effective amount of conducting carbon. The 
anode employed in the cell of the invention includes 
one or more metals selected from the group consist- 
ing of the Periodic Table Group I A and Group HA met- 
als. The anode may comprise any metal capable of 
functioning as a negative electrode in combination 
with the novel composite cathode material of the in- 
vention. Preferably, however, the anode includes one 
or more alkali metals, one or more alkaline earth met- 
als, or composites of alkali metals with conjugated 
polymers or graphitic carbon. Most preferably, the 
anode comprises a thin lithium film or foil, or a thin 
film composite of lithium and poly(p-phenylene), of a 
thickness from about 10>m to about 200jim, 

The conjugated polymer-lithium composite 
anode may be in the form of a porous film of the con- 
jugated polymer containing the appropriate alkali met- 
al dispersed within the porous polymer. The conjugat- 
ed polymer film may be formed from compressed 
powders of the polymer which has been filled with al- 
kali metal by elect rode posit ion in a suitable organic 
solvent, as described in U.S. Patent 4,695,521 . 

The conjugated polymer film may also be formed 
by thennal evaporation of the polymer, or oligomers 
of the polymers, such as sexiphenyi in the case of 
poly(p-phenylene), under vacuum. The composite of 
the conjugated polymer and the alkali metal may thus 
be formed by co-evaporation. 

The electrolyte may be a thin film of a solid poly- 
mer electrolyte, such as an amorphous polyether, a 
branched polysiloxane with ethylene oxide side 
chains or a branched polyphosphazene with ethylene 
oxide side chains. The conductivity of the polymer 
electrolyte may be enhanced by the addition of plas- 
ticizer compounds of low molecular weight such as 
propylene carbonate, ethylene carbonate, N-methyl 
acetamide, sulfonate, sulfolane, 1,2-dimethoxy- 
ethane, poly(ethylene glycol), 1,3-dioxolane and 
glymes. Plasticized polymer electrolytes are also 
known as gel polymer electrolytes. The polymer elec- 
trolyte may be an exclusive cation conducting poly- 
mer electrolyte, a so-called single ion conductor, 
wherein the anionic charges are covalently attached 
to the polymer backbone. The conductivity of the sin- 
gle-ion conducting polymer electrolytes may be en- 



hanced by the addition of plasticizing compounds. 
The preferred thickness of the polymer electrolyte is 
in the range of lO^im to 100um. 

The cathode employed in the cell of the present 

5 invention contains as its cathode active material an 
organo-sulfur compound, a polymer electrolyte for 
the transport of ions, and a p-doped conjugated poly- 
mer. In addition to providing electronic conductivity, 
the p-doped conjugated polymer is chosen to have a 

10 higher voltage versus the anode than the organo-sul- 
fur compound, thereby providing a higher voltage to 
the cell. Most preferably, the cathode comprises 
poly(carbon disulfide) as the cathode active material 
and p-doped polyaniline as the electronically con- 

15 ducting conjugated polymer. Poly(carbon disulfide) 
may be prepared by reacting carbon disulfide with so- 
dium metal in an appropriate solvent such as dime- 
thylsulfoxide. The cathode has a preferred thickness 
from about 25*um to about 200um. The poly(carbon 

20 disulfide) has a formula (CSJn, where x is from about 
1 .7 to about 2,3, and n is greater than 2, preferably 
greater than 20, and most preferably greater than 30. 
The higher molecular weight prevents dissolution of 
the cathode active material into the electrolyte in the 

25 oxidized, or charged, state. 

In either a lithium or sodium cell, the main design 
concerns are the kinetics of the sulfur-sulfur bond for- 
mation and scission, the density of available sulfur 
atoms, the voltage versus the anode and the miscibil- 

30 ity of the organo-sulfur compound with the polymer 
electrolyte. 

The main advantage of using poly(carbon disul- 
fide) as the cathode active material in solid state cells 
is the high density of sulfur-sulfur bonds available for 

35 oxidation-reduction. In all poly(carbon disulfide) com- 
pounds used for the cathode of the invention, the sul- 
fur concentration is always greater than the carbon 
concentration. Poly(carbon disulfide) provides a 
cathode active material with a capacity for lithium ion 

40 storage of at least 680 mAh/gram, or about twice that 
of inorganic insertion compounds such as Mn0 2 , 
Mn 2 0 4 , Ni0 2 , Co0 2 or TiS 2 . 

Other advantages of using poly(carbon disulfide) 
as the cathode active material in solid state cells in- 

45 eludes the virtual absence of low molecular weight 
moieties produced during oxidation and reduction 
which may diffuse into the polymer electrolyte phase, 
particularly with gel polymer electrolytes, and the rap- 
id kinetics of the sulfut-sulfur bond formation and 

so scission at ambient temperatures. Possible struc- 
tures of poly(carbon disulfide) are shown in Figure 1. 
The actual structure of poly(carbon disulfide) as syn- 
thesized appears to be a co-polymer of at least the 
two forms shown in Figure 1, but has not yet been 

55 completely determined. The lack of solubility of 
poly(carbon disulfide) in common solvents is an indi- 
cation of high molecular weight and is a key advan- 
tage of poly(carbon disulfide) over the organo-sulfur 
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materials described by DeJonghe et al. The result is 
very long shelf life of the battery cell and greatly en- 
hanced cycle life. Whereas the organo-sulfur materi- 
als described by DeJonghe et al. cannot sustain more 
than about 200 cycles in a battery cell with a lithium 
anode, poly(carbon disulfide) based cathodes have 
undergone more than 4,000 cycles. 

A second significant advantage of the high mo- 
lecular weight poly(carbon disulfide) is the rapid ki- 
netics of sulfur-sulfur bond formation and scission at 
ambient temperatures and below, allowing the oper- 
ation of a battery cell at room temperature with high 
cathode utilization. In contrast, the organo-sulfur ma- 
terials described by DeJonghe et al, undergo efficient 
sulfur-sulfur bond formation and scission only at ele- 
vated of 80°C or higher. The unusually rapid kinetics 
of sulfur-sulfur bond formation and scission of 
poly(carbon disulfide) at ambient temperature is not 
fully understood but is believed to be a result of the 
high molecular weight of this polymer and its delocal- 
ized electronic structure! a form of conjugation. The 
highly reversible kinetics is an indication that 
poty(carbon disulfide) does not depolymerize upon 
reduction but maintains a high molecular weight, and, 
therefore, a highly delocalized electronic structure. 

The main advantage of using a p-doped conjugat- 
ed polymer as the electronically conducting compo- 
nent in the composite cathode is to provide a higher 
cell voltage versus the alkali metal anode than can be 
provided by using conducting carbon. Whereas a 
Li/polymer electrolyte/poly{carbon disulfide)-carbon 
cell has an open circuit voltage of 2.85 volts, a Li/poly- 
mer electrolyte/poly(carbon disufflde)-polyaniline 
cell has an open circuit voltage of 3.23 volts. Process- 
able forms of conjugated polymers are particularly 
preferred, such as the Versicon™ polyaniline product 
manufactured by Allied-Signal, Inc. 

A second advantage of using a conjugated poly- 
mer as the electronically conducting component in 
the composite cathode is better miscibility with the 
polymer electrolyte and the poiy(carbon disulfide) 
cathode active material, resulting in high electronic 
conductivity, and, consequently, low resistance loss- 
es in the cell. Whereas a composite cathode compris- 
ing poly(carbon disulfide), polymer electrolyte and 
10% conducting carbon has a conductivity of about 
10- 4 S/cm, a composite cathode comprising 
poly(carbon disulfide), polymer electrolyte and 10% 
polyaniline has a conductivity of at least 10" 3 S/cm, or 
ten times higher. Figure 2 shows schematically the 
common forms of polyaniline. The preferred form of 
polyaniline in composite cathodes is the emeraldine 
salt form. 

Details of preferred embodiments of the inven- 
tion have been set forth herein in the form of exam- 
ples which are described below. 



EXAMPLES 

Example 1. Preparation of Poly(carbon 
disulf ide)-Polyaniline Composite Cathodes 

5 

A composite cathode was prepared from a phys- 
ical mixture of 48 % wt. poly(carbon disulfide) powder, 
12 % wt polyaniline powder in the form of Versicon, 
manufactured by Allied-Signal, Inc., 20% wt. acety- 

10 lene black and 20% wt. polymer electrolyte. The poly- 
mer electrolyte used to form the composite cathode 
consisted of a mixture of poly(ethylene oxide) and a 
branched polysiloxane with ethylene oxide side 
chains (polysiloxane-g-(ethylene oxidejy) and LiCl0 4 

15 in the ratio of 24 ethylene oxide units per lithium. The 
polymer electrolytes were dissolved in acetonitrile 
and added to the mixture of poly(carbon disulfide), 
polyaniline and acetylene black to form a viscous 
slurry. Composite cathodes of a thickness approxi- 

20 mately 100um were cast onto Ni foil substrates and 
the solvent evaporated. Cells were assembled con- 
taining composite cathode, branched polysiloxane- 
electrolyte and lithium foil anode. The open circuit po- 
tential of the cells were 3.23 volts. The corresponding 

25 open circuit voltage of cells without polyaniline in the 
composite cathode was 2.85 volts. 

Claims 

30 

1. An electric current producing cell, comprising: 

(a) an anode; 

(b) a composite cathode containing 
poly(carbon disulfide) as cathode active ma- 

35 terial; a p-doped conjugated polymer which 

enhances the ceil voltage against the anode 
and provides transport of electrons; and an 
electrolyte for the transport of ions; and 

(c) an electrolyte which is chemically inertwith 
40 respect to said anode and said cathode and 

which permits the transportation of ions be- 
tween said anode and said cathode. 

2. The cell of Claim 1 , wherein said conjugated poly- 
45 mer is selected from polyaniline, polyacetylene, 

polypyrrole, polythiophene, poly(p-phenylene), 
poly(p-phenylene vinylene), poly(2,5-thienylene 
vinylene), and their derivatives. 

so 3. The cell of Claim 1, wherein said anode compris- 
es a material selected from the group consisting 
of one or more alkali metals, a mixture of one or 
more alkali metals, one or more alkaline earth 
metals, alkali metal intercalated carbon, compo- 

55 sites of an n-doped conjugated polymer and an 

alkali metal, composites of an n-doped conjugat- 
ed polymer and an alkali metal alloy, and an alkali 
metal with a film of an n-doped conjugated poly- 
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mer interposed between said alkali metal and the 
electrolyte. 

4. Thecell of Claim 3, wherein said conjugated poly- 
mer is selected from the group consisting of 5 
poly(p-phenylene), poly(p-phenylene vinylene), 

and polyacetylene and their derivatives. 

5. The cell of Claim 3, wherein said alkali metal alloy 

is selected from the group consisting of lithium- 10 
aluminium, lithium-silicon, Irthium-antimonide, li- 
thium-tin, lithium-lead, and sodium-lead. 

6. The cell of Claim 1 , wherein said cathode active 
material is poly(carbon disulfide) having the for- is 
mula (CSx/n), wherein x is from about 1 .7 to about 

2.3 and n is an integer greater than 2. 

7. The ceil of Claim 1 , wherein said cathode active 
material is poly(carbon disulfide) having the for- 20 
mula (CSx) n , wherein x is from about 1 .7 to about 

2.3 and n is an integer greater than 20. 

8. The cell of Claim 1 , wherein said cathode active 
material is poly(carbon disulfide) having the for- 25 
mula (CSx) n , wherein x is from about 1 .7 to about 

2.3 and n is an integer greater than 50. 

9. The cell of Claim 1 , wherein said electrolyte is se- 
lected from the group consisting of solid polymer 30 
electrolytes, single-ion cation conducting poly- 
mer electrolytes, wherein the anionic moiety is 
covalently attached to the polymer backbone, 

and gel polymer electrolytes. 

35 

10. The cell of Claim 9, wherein said single-ion con- 
ducting polymer electrolyte is a single lithium or 
sodium ion conducting polymer having a polysi- 
loxane backbone. 

40 

11. Thecell of Claim 9, wherein the gel polymer elec- 
trolyte is a single-ion conducting polymer electro- 
lyte plasticized with low molecular weight com- 
pounds selected from propylene carbonate, ethy- 
lene carbonate, N-methyl acetamide, sulfonate, 45 
sulfolane, poly(ethylene glycol), 1,2-dimethoxy- 
ethane, giymes and 1 ,3-dioxoiane. 

12. The cell of Claim 1 , wherein said electrolyte is an al- 
kali metal salt selected from the group consisting 50 
of MCIO* MSO3CF3, MBF 4 , MAsF 6j MPF 6 , 
MCCFaSO^N, MSO^CF^SC^N and M(CP 3 S02) 3 C, 
where M is Li or Na. 

13. A method of forming a composite cathode which 55 
comprises: 

coating an electrically conducting cathode 
substrate with a mixture comprising an effective 



amount of poly(carbon disulfide), an effective 
amount of a p-doped conjugated polymer, and an 
effective amount of a polymer electrolyte. 

14. A method of forming a solid state rechargeable 
battery which comprises: 

(a) providing a solid anode formed from ma- 
terial selected from the group consisting of 
one or more alkali metals, one or more alka- 
line earth metals, alkali metal intercalated car- 
bon, composites of an n-doped conjugated 
polymer and an alkali metal, composites of an 
n-doped conjugated polymer and an alkali 
metal alloy, and an alkali metal with a film of 
an n-doped conjugated polymer interposed 
between said alkali metal and the eletrolyte; 

(b) providing a composite cathode formed by 
coating a current collecting cathode substrate 
with a mixture comprising an effective amount 
of poly(carbon disulfide) with an effective 
amount of a p-doped conjugated polymer, and 
an effective amount of a polymer electrolyte. 

(c) enclosing between said anode and said 
cathode an electrolyte selected from the 
group consisting of solid polymer electrolytes, 
single-ion conducting polymer electrolytes 
and gel polymer electrolytes. 
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FORMS OF POLY(CARBON DISULFIDE) 
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FORMS OF POLYANILINE 
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CONJUGATED POLYMERS 
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CELL WITH SINGLE LAYER ANODE 
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CELL WITH TWO LAYER ANODE 
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